The objective of this study was to investigate how selective removal of the surface layers of whole wheat grains by abrasive scouring affects the distribution of mineral elements (macronutrients, micronutrients and trace elements) and the B group vitamins (thiamin, riboflavin pyridoxine, pantothenic acid and niacin) in three soft winter wheat varieties (Partizanka, Novosadska rana and Lasta). Although representing technologically different quality classes of wheat, the varieties were not significantly different in the B group vitamin contents, except for pyridoxine. Whole grains of all varieties exhibited very similar scouring behavior in reduction of vitamins: the most intensive investigated regime only slightly, but not significantly reduced the concentration of the B group vitamins. The nutritive value of scoured wheat grains with regard to the B group vitamins was preserved.
The biological value of wheat grains, in addition to the basic constituents of proteins, carbohydrates and lipids, is also contributed to by vitamins and mineral substances. Wheat grains are excellent sources of selenium, zinc, highly available iron, copper, manganese, molybdenum and boron and provide significant amounts of phosphorous, potassium, calcium, magnesium and nitrogen [1] .
It is well established that vitamins and minerals are concentrated in the aleurone layer of the wheat kernel, whereas lignin and cellulose occur specifically in the pericarp. From a nutritional point of view, aleurone is a source of dietary fiber, minerals, B-vitamins, proteins, phytate, and phenolic compounds. In relation to their total amounts in the wheat kernel, over 60% of the minerals, 80% of niacin and 60% of pyridoxine are located in the aleurone [2] .
A major proportion of the nutritionally important mineral elements is lost to the consumer by the milling process that involves degermination and removal of the pericarp and aleurone. On the other hand, this process removes a large portion of phytate, which is deleterious in the utilization of at least some of the trace elements, notably zinc [3] .
The abrasive scouring prepares wheat grains for milling by removing the outer parts of whole grains, as well as physical and chemical contaminants. The milling process of wheat aims at isolating the starchy endosperm without contamination by peripheral layers of the grain (i.e. aleurone layer and pericarp). Processing generally reduces the contents of the nutrients and bioprotective substances. Recently, three wheat varieties were analyzed and it was reported that on average, the bran/germ fraction of wheat had 4-fold more lutein, 12-fold more zeaxanthin, and 2-fold more b-cryptoxanthin than the endosperm fraction. The hydrophilic antioxidant activity of the bran/germ fraction is 13-27-fold higher than that of the respective endosperm fractions. Similarly, lipophilic antioxidant activity is 28-89-fold higher in the bran/germ fractions [4] .
Proper cultivation of wheat, as well as drying and subsequently keeping the wheat grain under safe storage conditions should either reduce or eliminate the risk of occurrence of mycotoxins. However, this has often been found difficult to achieve in practice, and surveys continue to find contaminated grain and cereal food products [5] . Abrasive scouring of the outer grain coat was found promising in eliminating physical, chemical and biological contaminants that are usually present on the surface of wheat grain [6] .
In recent years, different approaches to incorporation of wheat bran in food products to optimize either the composition or physiological effects have been designed [7] . One of the approaches would be to optimize surface processing of the wheat kernel in a way to retain as high a portion of bran as possible in the whole grain products and in that way utilize its beneficial effects in consumption. Abrasive scouring of the outer wheat grain coat was found promising for that purpose. However, a high varietal variability in the mechanical properties of the aleurone layer, the adhesion forces between the aleurone layer and endosperm, the structural irregularity of aleurone layer -endosperm interface, and the mechanical properties of the grain peripheral layers [8] might influence the effect of wheat grain scouring. Therefore, better understanding of how selective removal of peripheral parts affects nutrients in whole wheat grain, coupled to the measurement of contaminants, would allow optimizing surface processing and utilizing it for enhancing nutritive as well as the bioprotective value of whole-wheat food products.
The aim in the present study was to investigate how selective removal of the surface layers of whole wheat grains by abrasive scouring affects the distribution of mineral elements (macronutrients, micronutrients and trace elements), and the B group vitamins (thiamin, riboflavin pyridoxine, pantothenic acid and niacin) in three different wheat varieties.
Selected results of the effects of the investigated scouring on grains from three wheat varieties are summarized in Table 1 . Selective removal of wheat bran layers was followed by measuring the reduction of ash content coupled to the tracing of protein content enlargement in scoured grains. The reduction of ash content after the shortest scouring reflected the loss of minerals naturally occurring as bran constituents and the ones that are accumulated at the surface of the grains as impurities. Longer scouring further diminished ash values, thus indicating that mineral nutrients in scoured grains were reduced. Higher values for protein content in scoured grains suggested that only pericarp layers that are low in protein were removed to a different extent depending on the treatment duration and that the aleurone layer is not severely affected by the scouring.
The results obtained in this study for the B group vitamin contents are summarized in Table 2 . They well fitted the range of values that were reported for the vitamin composition of wheat from 5 market classes, comprising 231 varieties and representing These results confirm that the outer bran layers (pericarp) of wheat kernels contain only small amounts of thiamin, riboflavin, pantothenic acid, pyridoxine and niacin, and that the major quantity of these vitamins are located in the aleurone layer. Also, it appears that the applied scouring removed mainly only the outer bran layers leaving the aleurone mostly intact. Furthermore, the applied treatment did not significantly affect the nutritive value for B vitamin contents of the investigated wheat varieties.
All three varieties were similar in the investigated macro and microelement contents. These were: Na, K, Ca, Mg, Mn, Fe, Cu, Zn, Ni, Cr, Se, Pb, and Cd (Tables 3 and 4 ). The trace elements, Hg and As were detected at levels lower than 0.05 mg/kg in all varieties and they were not followed further. The differences detected between the whole wheat grains among the samples with regard to mineral content were significant at P<0.05. The differences were expressed in contents of Mn, Zn, Fe, and Pb.
The concentrations of minerals in scoured wheat grains were reduced for most of them, but their change with the duration of the applied treatment followed different patterns for different elements. Furthermore, a different pattern of the change for the same element in different wheat varieties was noticed. This might be due either to different mechanical properties of bran and bran layer interfaces or genotypic variability in the distribution of elements in wheat grain [10] .
Scouring kernels for two minutes removed impurities and outer bran layers (approx. 5% by weight) and slightly but significantly affected concentrations of nine elements. It significantly reduced contents of Na, Ca, Mg, Fe, Mn, Pb, Ni, Cr, and Cd.
Longer scouring removed on average 9% of the grain weight, which significantly affected the concentrations of Na, Ca, Mg, Mn, Fe, Se, Pb, and Cd. After the longest scouring regime, when approximately 14% of the grains weight was removed, concentrations of Na, K, Ca, Mg, Mn, Fe, Cu, Zn, Cr, Se, Pb, and Cd were significantly changed, dropping on average to 65% of the initial Table 4 : Trace element contents (mean, n = 2, mg/kg) in untreated (start) and scoured (I, II and III) whole grains for three wheat varieties. Values in the same column within each wheat variety with no letters in common are significantly different (P<0.05).
values for macroelements, and 55% for microelements. Modest variation of values for Cd and Se concentrations suggested that these elements were uniformly distributed in the wheat grain, as was reported for Se in dissection and milling studies [10] .
Severe reduction of Pb concentration by, on average, 30% in Partizanka and Lasta grains was registered after scouring II, then dropping to 32% of the initial Pb concentration after scouring III. Also, in Novosadska rana grains, Pb concentrations were reduced, but to a lower extent (61% of the initial value). This is important for enhancing the safety of whole-wheat products.
Experimental
Samples of three Serbian soft winter wheat cultivars, grown in 2002, were used, each of them representative of a different quality class with regard to their technological baking parameters (e.g. protein content, sedimentation value, flour extraction, yield of bread, yield of bread volume, and bread crumb quality number). These were: cultivar Partizanka (1 st quality class), cultivar Novosadska rana (2 nd quality class) and Lasta (3 rd quality class), grains containing 11.8, 11.7 and 11.9% moisture, respectively.
Scouring: Bulk wheat was divided into 4 × 5 kg lots. One 5 kg lot was left untouched (designated as start) while the others were subjected to a scouring regime using a pilot plant tangential scourer constructed at the Faculty of Agriculture, University of Belgrade fitted with a special abrasive carborundum drum [11] . One lot was scored for 2 minutes (designated as I), another lot for 4 minutes (designated as II), and the dried grains were ground to a fine powder (wholemeal flour) in a mill (Retsch) using a 0.5 mm screen size and then mixed thoroughly. Moisture, ash and protein (N × 6.25) were determined by AOAC methods [12] . All results are expressed on a dry weight basis.
Vitamin extraction:
The samples of wholemeal flour were defatted with light petroleum (40-70 o C) using a Soxhlet apparatus.
Acid-ethanolic extract:
A 5g wholemeal flour sample was extracted for 5 hours with a mixture of 10 mL 0.1 M acetic acid and 40 mL ethanol using a Soxhlet apparatus. The extract was decanted and the same procedure repeated using new portions of solvents. Extracts were combined, filtered, evaporated near to dryness, redissolved in 5 mL distilled water and used for the analysis of thiamin, pantothenic acid, pyridoxine and niacin [13] .
Extraction of riboflavin:
A 10g sample of wholemeal flour was refluxed with 51 mL of solvent mixture containing methanol, pyridine, H 2 O and glacial acetic acid (30:10:10:1). The obtained extract was clarified by centrifugation for 15 minutes at 3500 RPM. All operations were performed in subdued light [14] .
Apparatus and conditions: A chromatographic 8100
Spectra-Physics HPLC System equipped with a Waters 484 UV/VIS detector was connected to a computed integrator Maxima 820 work station. The detection wavelength was 220 nm. Chromatographic conditions with slight modifications regarding the flow rate and ratio of solvents in the mobile phase were as in ref. [15] . Separation of 10-20 μL samples was accomplished on a Lichrosorb NH 2 10 μm 250 × 4.6 mm column (Merck). The mobile phase was 0.005 M KH 2 PO 4 (pH 4.4) / acetonitrile in a ratio 14:86, with a 2.5 mL/min flow rate at 65 o C. The concentration of standards was 0.1 mg/mL.
Minerals:
For recovery of metal elements, 5 g wholemeal flour was dry-ashed at 600 o C for 15 hours. Concentrated HCl (3 mL) was added and the suspension was evaporated to dryness, extracted with 20 mL 25% HCl and brought up to a volume of 100 mL with demineralized water. Metal ion concentrations were determined, as three replicates, using a Pye Unicam SP-9 atomic absorption spectrophotometer.
Statistical analysis:
Experiments were performed in triplicate. The data were analyzed using Statistica software version 5.0 (StatSoft Co.,Tulsa, OK). The significance of differences between means was determined by a t-test procedure for independent samples at P < 0.05.
